A gingival enlargement of unclear cause could only be diagnosed after interdisciplinary cooperation as plasma cell gingivitis of unknown origin. Interdisciplinary approaches remain crucial when diagnosing rare gum diseases.
| INTRODUCTION
This case report of a patient presenting with an idiopathic fibrous gingival enlargement (GE) describes the demanding periodontal diagnostic approach required to identify and treat relevant risk factors and the subsequent surgical therapy. It also presents additional knowledge gained and recommendations regarding organizational structures.
| CASE REPORT

| Clinical presentation
In November 2018 at the University Hospital Cologne, a 33-year-old man from Mozambique presented with a massive, predominant, localized fibrous GE with signs of inflammation that had existed for around five years. The patient had insufficient oral hygiene (Figure 1 ), but no other obvious relevant risk factors (ie, no known pre-existing conditions, no medical history, no prescribed medication intake, no family or orthodontic treatment history). An oral examination was performed, including periodontal status, preparation of X-ray images ( Figure 2 ) and creation of a jaw model to produce wound dressing and prosthetic planning ( Figure S1 ). In addition to necessary treatment of carious lesions, extraction of root remnants (16 and 25 in radicular cysts), and planned periodontal therapy with gingivectomy followed by wound dressing, the patient presented to the internist and hematologist to rule out underlying hematologic disease and HIV infection as a suspected cause of hyperplasia.
| Case management
Between November 2018 and February 2019, periodontal therapy was initiated including extensive oral hygiene instructions and professional tooth cleaning every four weeks. Treatment of carious lesions and root extractions were carried out at the request of the patient at the family dentist. Once a clean oral hygiene situation had been achieved (February 2019), gingivectomy of the upper jaw was performed followed by gingivectomy of the lower jaw (March 2019), with no complications (Figure 3 ). The excised gingiva was coarse, felt like heavily scarred tissue when cut, and was hard to remove. The excised gingiva was sent for histopathological examination. The histopathological examination of the excised gingiva lesion (hematoxylin and eosin stain; Figure 4) During anti-infective therapy, the patient visited the internist and hematologist in January 2019. The family dentist was also contacted regarding regions 16 and 26 for planning of root extraction in this area. Laboratory results (Table 1 ) revealed a microcytic (low MCV), hypochromic (low MCH) erythrocytosis without anemia (normal hemoglobin (Hb) values), as well as deficiencies of vitamin D (calcifediol) and folic acid. The patient received folate and vitamin D supplementation. An HIV infection was excluded. Physical examination was unremarkable, and no clinical symptoms were reported. The red blood test results encouraged further blood analysis by the hematologist, including Hb electrophoreses and parameters of iron status. Iron deficiency was excluded, but Hb electrophoresis revealed that the patient was a heterozygous sickle cell hemoglobin (HbS) carrier, and a heterozygous alpha thalassemia minima were detected.
The patient did not present to the family dentist for further care of the carious lesions, as originally requested, but only for the extraction of the root remnants 16 and 26 (February 2019). Therefore, the restorative therapy was performed at the dental clinic (May 2019; Figure S2 ). At the request of the patient, a visit to the orthodontics department of the University Hospital took place before the remaining prosthetic planning for the treatment of regions 16 and 26. Here, Invisalign ® therapy for optimizing the upper front jaw combined with close recall intervals for maintaining optimal oral hygiene and care was planned and initiated.
F I G U R E 1
Initial presentation before treatment of a patient with deep bite and anterior crowding, multiple carious lesions, with the main concern of a massive fibrous enlargement that had been present for five years. Epuloid-like enlargements with signs of inflammation and eroded gingiva occurred in regions 22/23 and 42/43
| Clinical outcomes
The long-term prognosis of this case remains unclear. At six months after gingivectomy, the treatment outcome had been maintained with no signs of recurrence. We assume that inadequate biofilm control by the patient-a main etiologic factor for GE-will contribute to an increased risk of recurrence. To rule out this risk and improve the prognosis, the patient attends a maintenance therapy session every three months, including dental prophylaxis. He is also seeking orthodontic treatment because of his increased esthetic awareness. This therapy will reduce the local factor of tooth crowding and improve the possibility of proper biofilm control. In addition, as folic acid and vitamin D deficiency may be one of the underlying factors for the development of GE, supplementation may help to stabilize long-term treatment success. However, time will reveal the long-term outcomes and will provide information regarding the impact of the underlying hematological conditions on his gingiva.
| DISCUSSION
In this case report, the intraoral diagnosis of a massive fibrous GE without an obviously identifiable cause, and the consequent involvement of relevant interdisciplinary specialists, made it possible for the patient to receive the easyto-treat diagnosis of vitamin D and folate deficiency, and the important and restrictive internal-hematological diagnosis of being a sickle cell carrier with alpha thalassemia. The patient also benefited from periodontal therapy which, in addition to significantly improving oral hygiene, promoted the awareness of oral esthetics, resulting in his request for additional orthodontic treatment. Finally, this case demonstrates a possible approach to interdisciplinary care and addresses necessary steps, as demonstrated in Table 2 . Although decision trees already exist regarding differential diagnosis of gingival enlargement, 1 an additional approach regarding the organizational structure and clarifying the responsibilities is needed. Our case report provides first evidence that when diagnosis of GE depends on several disciplines and underlying factors, a guideline regarding standardized stepwise 
F I G U R E 3
Presentation of the patient one month after gingivectomy. Since the patient decided to have the root remnants removed and therapy of the cysts of the upper jaw after gingivectomy, gingivectomy at these special sites were left out so it could be performed at the same appointment approaches for interdisciplinary management is necessary. Thus, Table 2 gives an example of such a stepwise approach that can be easily adapted to similar situations that require interdisciplinary care. The appropriate and successful treatment of GE depends on correctly diagnosing the cause of the enlargement. 2 The clinical appearance of our case suggested that it could have been drug-induced GE, associated with leukemia, or accompanied by a genetic disorder (Table 3) . 1, 3, 4 In addition, areas were found with signs of reactive lesion and epuloid character (regions 22/23 and 42/43). 3 As GEs are various in origin and clinical appearance (Table 3) , all possible diagnoses were tested for plausibility, malignancies were excluded by blood testing and histopathology, and the treatment plan was formed based on possible diagnoses. Gargiulo et al described three types of origins for plasma cell gingivitis: (a) allergenic, (b) neoplastic, and (c) of unknown origin. 5 As allergenic and neoplastic origins were excluded by blood tests and histopathologic findings, 
F I G U R E 4
T A B L E 1 Pathologic laboratory
parameters, including electrophoresis results for hemoglobin A1 and A2 and molecular genetic alpha chain analysis for genotype assessment the diagnosis of "plasma cell gingivitis of unknown origin" remained. It is important to recognize that it is often hard to identify a single underlying factor, since there may be many, and relevance and causality are not easy to determine. The mediating local factors for inflammatory GE (tooth crowding and the poor oral homecare before treatment) do not fully explain the massive GE in our patient. Certainly, this case cannot conclude the causality of being a sickle cell carrier with alpha thalassemia for the presence of GE, but there are some indications that there may be an association. For both hematological diagnoses, GE is reported in single cases. 6, 7 In our case, it is possible that these could be modifying factors with unknown pathomechanisms and may be a source for a higher risk of recurrence. Another possible modifying factor is the folic acid deficiency,in the presence of oral biofilm, this may exacerbate gingival inflammation and thereby promote GE. 8, 9 Folic acid supplements have been shown to reduce the recurrence of gingival overgrowth in phenytoin-induced GE following gingivectomy. 9, 10 Our patient received vitamin D and folic acid supplements to address his deficiency, which could potentially reduce the risk of recurrence. The finding that our patient was a sickle cell carrier with alpha thalassemia is of clinical relevance, as he was planning to have child with his wife. Thalassemia and sickle cell disease (SCD) are endemically prevalent in tropical parts of Africa and Middle East, with an increasing number of patients in northern Europe because of worldwide migration and there is the risk of transmitting the genetic defect to their children. Therefore, genetic counseling is obligatory. 11 Thalassemia is a genetic disorder involving abnormal hemoglobin chains. 12 The severity of clinical manifestation depends on the extent of the genetic defect. For African people now living outside Africa in north European regions, these hematologic aberrations often lose their selective advantage and are therefore overseen and neglected in general practice. 13, 14 Given the potential risk of transmitting the gene defects to the descendants and the risk of potential rheologic crisis in asymptomatic carriers of HbS or thalassemia minima, it is important to be aware of these diseases. As asymptomatic patients will not see the hematologist, dental practices might be the only place where patients present with oral symptoms. Therefore, a dentist who sees patients of African or Asian origin with a GE should consider presentation to an internist or hematologist. Vitamin D deficiency is also typical in people of African origin living in northern Europe, because of restricted vitamin synthesis due to hyperpigmentation of the skin and weak solar radiation. Vitamin D supplementation is urgently needed in such patients to prevent musculoskeletal disorders. 15 We assume that in addition to supplementation with folic acid, this is one factor that may contribute to a healthier and stable long-term intraoral gingival situation. The effective interdisciplinary cooperation between dentist and hematologist has been of substantial benefit for our patient.
| CONCLUSIONS
The unusual form of gingival enlargement reported here, which did not meet the criteria for recent diagnostic models, 
T A B L E 2
Stepwise approach for the interdisciplinary management of patients with gingival enlargement of unknown origin was finally diagnosed as plasma cell gingivitis of unknown origin after interdisciplinary cooperation. Incidental systemic findings of sickle cell anemia, alpha thalassemia, and vitamin D and folate deficiency may be influencing factors for the development of GE. These factors serve as an example of a stepwise approach toward interdisciplinary patient care when the underlying cause of GE are not immediately obvious. Since several factors have an impact on development of GE, the long-term prognosis of treatment success and the general health of the patient depend on identifying and treating all potential causes. An interdisciplinary approach is necessary, and patient-centered risk factors and other influencing factors need to be optimized to reach the best-possible treatment results. Identification of these possible risk factors, addressing them in the treatment plan, and organizing treatment and responsibilities between different disciplines is needed to initiate a risk-based supportive therapy and assess long-term stability.
CLINICAL RELEVANCE
Scientific rationale: Patients who present with gingival enlargement of unknown origin need to be thoroughly examined to identify possible influencing factors.
Principal findings: Interdisciplinary management of a fibrous gingival enlargement helped to identify underlying sickle cell anemia and alpha thalassemia and vitamin D and folate deficiency and optimize treatment.
Practical implications: Close cooperation between the dental healthcare team and other disciplines may improve treatment outcomes and help patients beyond periodontal care.
